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Harnessing Niagara Falls
to the washing machine
l^ii/ves
Chfiiper power! (iropino; utter this modern touchstone to
\\e;ilrh, ileKided inventors slaved over perpetual motion ma-
cliiPies . . . intornieii inventors evolved the turhine . . . broad
visioned men harnessed the rush ot waters . . . engineers
raised pressures and temperatures to produce more power
without correspondint^ increases of cost.
While, step b\- step, this j^ro^ress has taken place, the manv
men who ha\e contributed to it could not know what tar-
reachinu; results it would ha\'e. Now the ultimate boons Ljrow
clear. Water powei- development becomes a national polic\,
steam bills fair to rival water power tor cheapness, econom-
icalU' produced power brings more plentiful u;oods, liirhts
houses and hauls crowds in cities, is carried to rural sections
to iitt washila\ tliaulo;er\' from farm women's shoulders.
Amono; the man\ iiuiustrial victories that are behind this
revolution, none is more important than wider knowledge
ot piping materials ami better materials. One ot the highly
prizeci chapters ot our history is the contribution that Crane
research and valve engineering has made to the general ad-
\ance. Ihe results ot this research are embodied in a Crane
book, Pionccr'uH' in Science. It is a fascinating story ot engi-
neering de\elopment and a valuable reference work tor engi-
neering students. A request will bring vou a copy.
*CRAN E'
PIPING MATERIALS TO CONVEY AND CONTROL STEAM. LIQUIDS. OIL. GAS, CHEMICALS
CRANE CO., GENERAL OFFICES: 836 S. MICHIGAN AVE., CHICAGO
NEW YORK OFFICES: 23 WEST 44TH STREET
Branches .irij Sales OJfices in One llun.ireJ anJ Xinely-four Cities
Fittings
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oXWELDED PIPE JOINTS
—as strong as the pipe
Modern piping design demands joints that measure up
to the strength of the pipe itself. The oxwelded joint
meets this demand in a thoroughly practical and eco-
nomical way. It is strong and permanently tight. It
fully justifies the high efficiency expected of it and
has definitely taken its place as the standard means of
pipe fabrication.
Progressive engineers demand the 100 per cent
efficient oxwelded joint.
EVERYTHING
IR OxWELOING
- *Ni>CuTTIN
THE LINDE AIR PRODUCTS COMPANY, THE PREST-O-LITE COMPANY, INC.,
OXWELD ACETYLENE COMPANY, UNION CARBIDE SALES COMPANY,
Units of UNION CARBIDE AND CARBON CORPORATION
CrnernlOIBcrM. . .'{O E. Itjad Nl.,!V. Y. |||^^ Saleo OIBceM . . . ia the Priacipnl Cilieit
65 Linde plants
Warehouse sloe
18 Pr<-<1.0.Ule pla
. 42 Apparaluo V
17i Oxygen Warebousf slocks . . 156 Acetylene
} stucks . . . 215 I'oion t:arblje Warehouse slocks
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^^^ MIXEI^S
CENTRAL
! NIXING
PLANTS
No. 8-; r , . jrcHidurd
Building Mjxer in Liberty
Corporation's Plont, Phila
delphio, Po.
ABOVE is shown just one of the central mixing plants in the Philadelphia
^ territory equipped with No. 84-S Ransome Standard Building Mixers
this year. Others are the Union Paving Company and the Camden
Lime Company.
Ransome big mixers are real tools for central mixing plants because they
insure thorough mixing and fast discharge. Their low overhead room mokes
them space savers. Their low upkeep, due to high grade materials, simple
design and the dependable Ransome service, makes them money savers.
That's why so many central mixing plants are equipped with Ransome
big mixers.
Write for Bulletin 122. It tells the Ransome Big Mixer story.
Ransome Concrete Machinery Company
18SO — Service for 8Q Years — I930
Dnnellen Ne^ir Jersey
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The Early Development of Machine Tools
C. W. Ham
Professor of Machine Dcsit/n
IX THE study of history we find that political con-siderations have been emphasized in svich a way as
to overshadow all other aspects of mankind, and if
we stop to consider, we may note that the history of
civilization in a more general sense has as yet received
scant recognition. We have rather complete informa-
tion as to whether, for example. Hero of Alexandria,
Archimedes, Gallileo or Leonardo da Vinci, lived under a
republic or a despotism; but the influence of such
thinkers and discoverers in the everyday life of their time
is not so clearly set forth.
There was a notable lack of interest shown by the
ancients in technical inventions and in the personality of
inventors. Students of the technique of antiquity claim
that "the historians as well as society in general under-
valued the technologists." It seems that this view wa.s
very commonly held, and the general attitude was, no
doubt, due largely to the aristocratic organization of
society and to the fact that labor saving devices were
not necessary with so much slave labor available and,
therefore, there was very little interest in inventions.
The ancients had their full quota of great minds but
their thoughts ran in other fields such as art, literature
and law; and down to the present day the races which
developed and maintained this civilization are far behind
in mechanical development.
An eminent writer says, "While there arc many
books on offense and defense, arms and armor, there is
none that traces the history of mechanical aids. Thou-
sands of writers have described the sculpture of the
Parthenon ; not one has described the means used in per-
forming that work. It is a mystery to us how fluted
columns with an entasis could be produced true to a
hundredth of an inch in the diameters between the deep
groovings."
Let us consider a more recent illustration of this
general situation which pertains directly to our present
discu.ssion on the early history of machine tool develop-
ment. The history of the lives and works of that great
group of mechanics and inventors: Maudslay, Clement,
Roberts, Whitworth. Nasmyth, and others, was recorded
in an incomplete and fragmentary manner and apparently
in danger of being lost, until it was made available by
Joseph W. Roe in his book, "English and American Tool
Builders. ' In this work the author acquaints us with
tile difficulties with which he was beset in gathering the
necessary data. The recorded information was so meager
that he found it necessary to secure a large amount of his
material from personal contact with men now living.
In taking up the history of tools, the nature of the
I'iij. I: (,'iiilir lathe viil/i pole drive
Kroni "A IliMorv of Mcch.-.nical Inventions- bv Usher. Courlcsy
McCiiawlIill, publishers.
materials is naturally the first consideration. It is pretty
well known that after the stone ages, the order of metals
was bronze and then iron. It is claimed that in recent
years an earlier age of copper has been noticed in several
coimtries, an age which may be subdi\ided into an age
of native copper and an age of smelter copper. The order
of use of metallic materials, then, seems to have been
native copper, smelted copper, bronze, iron and bra.ss.
The first tools were, of course, hand tools such as the
ax, hammer, chisel, saw, scythe or sickle, shears, etc.; and
in most cases we can trace the gradual evolution of such
tools down to the present day.
Even after some of the crude machine tools, made
THi: TKCllNOCRAl'H No ilnr. IV.W
almost entirely of wood, had been developed down
tlirough the Middle Ages, the chief too! equipment of
the mechanic as late as the latter part of the eighteentli
century consisted of such hand tools as the hammer, cliisel
and file, and the chief measuring de\ices were the
cahpers and tin- wooden i ulc.
Fiij. S: Maiulsliiy's s<mv iiil/hir/ lallu
•English ami American Tocl UuihUrs" l.v
Courtesy Mc-Graw-Hill.
The development of machine tools was extremely
slow. It is difficult for the man of today to realize the
crudity of the machine tools available up to the period
of our Revolutionary War. In machine tools, as in all
machinery, the principal members were made of wood.
However, the technique of metal working had made
notable advances and was by no means unimportant. But
its application was largely confined to instruments of
precision and other small work. Production was small,
Fig. 2: Sfiiulti- talhr, ahoul 1785
rom "A Histurv of .Mechanical Inventions
processes were hard to control and many other difficul-
ties prevented a great extension of the use of metals.
Of the early machine tools, the lathe was more
strikingly de\eIoped prior to the period just referred to.
From the old bow lathe of antiquity down to the time
of Leonardo da Vinci in the sixteenth century we have
little information bearing on the history of this machine.
Leonardo's note books contain several important sketches
and thereafter the record is fairly continuous. It is diflfi-
cult, however, to obtain with much certainty the exact
date of the various innovations in design. Leonardo's
sketches indicate that all the modes of driving the lathe
were known to him. These forms were the bow lathe,
the pole lathe, the lathe cord-driven with counter-weights,
;ind the lathe driven by bands from a wheel. The dom-
iiiaiit type of heavy duty lathe of Leonardo's tiine was
probably the plain center lathe with pole drive as shown
in Fig. 1. Tlie primary development of the lathe next
centers around the improvement of the spindle. By ap-
plying the driving power to a spindle attached to the
work instead of to the work itself, as in the old bow
lathe, the compa.ss of the lathe was greatly increased.
Many parts which could not be turned between centers
coidd be fastened to a chuck. A late state of develop-
ment of the old spindle lathe is shown in Fig. 2. The
frame, head stock and tail stock were made of wood, but
the spindle and its fittings were metal. This lathe was
adapted to screw cutting of a crude sort, by means of a
traversing spindle.
Further improvements in the lathe now necessitated
the all metal construction. Finidamental principles of
screw cutting and similar operations were known, but
materials used in lathe construction and the difficulties in
execution of the machines even in the combination of
wood and metal then known imposed limitations. What
is considered the greatest achievement in the history of
machine tool development took place when Maudslay,
about 1800, made the lathe wholly of metal and com-
bined the slide with change gears and a power driven
lead screw as shown in Fig. 3. Thus the traversing tool
took the place of the traversing spindle, and with the
many other advantages of this combination, the lathe
was advanced from a crude atid cumbersome device to
a machine of precision and power. Many able mechanics
and inventors were now working on the development of
the lathe and from this time on its ad\ancement to its
present state of development was rapid. By 1817 the
back-geared headstock had been invented by Roberts in
England, and in 1854 the automatic turret lathe, "the
first radical improvement since Maudslay's slide rest"
was built commercially by Robbins and Lawrence in this
country.
(^f the early machine tools, tiie boring machine was
ftdly as important as the lathe. While the early de-
velopment of the lathe was very largely directed toward
the enlargement of its compass in the working of wood
and softer metals, the early development of the boring
(Continued on Page 18)
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The New York Central Interlocking
Plant at Sovith Bend
Howard N. Ixuood, e.e. '32
THE New York Central Railroad Company was re-
quired by the city of South Bend, Indiana, to
elevate its tracks three years ago. The Grand
Trunk Western Railroad was required to find some
tracks other than those in the center of Division Street
over which to operate its traffic. It arranged to have its
tracks connect with those of the New York Central at
a point a mile east of the station and three-quarters of a
mile west of the station, operating its trains over the New
^'ork Central tracks within these limits. The writer of
this article was employed as a signal helper for two years
on this project.
The distance between the outer limits of the new
interlocking plant is 19,420 feet, or approximately 3.68
miles. The track layout consists of eight tracks in the
center, converging to two tracks at each end. All
switches are controlled and operated from the interlock-
ing tower, including both jiuictions with the Grand
Trunk W^estern and the junction of the Illinois Division
of the New York Central Railroad located three-quarters
of a mile west of the tower, and a single track crossing
of the New York Central Illinois Division over four
main line tracks approximately one mile west of the
tower.
In order to handle traffic on eighteen city streets,
grade separation nearly three miles long was provided.
The tracks were elevated, fourteen street bridges were
constructed and a new Union Station was erected, pro-
viding for both the New York Central and the Grand
Trunk Western Railroads.
A brick signal tower, seventeen feet in width and
seventy feet in length, three stories high including the
basement, was erected in the approximate center of the
plant. The basement contains a battery room, cable
terminals, repair room, coal bunker and furnace room.
The second floor provides ample space for relay and
charging equipment room, as well as quarters for the
signal maintaincrs. The operating room is located on the
third floor from which a director and leverman control
train movements through the plant. A repair pit, two
feet by three feet, located under the interlocking machine,
provides sufficient room for maintainers to do any neces-
sary work on the machine.
Battery racks in the basement of the tower support
65 cells of type E.MGO-280 A. H. capacity storage bat-
tery for switch operation and seven cells of type 71 plate-
680 A. H. capacity iron clad battery for low-voltage
circuits.
All of the circiuts from the tower to the outside
portion of the plant are carried in cables. These cables,
from the conduit system extending full length of the
plant, enter the basement through a wood log conduit and
terminate in banks on two terminal racks. Seventy per
cent of these are lead-covered for longitudinal runs and
thirty per cent are parkway or trench-lay for transverse
runs. The cables vary in size from single conductor to
75 conductors and range in gauge from tmmber 14 to
number 4.
Three phase, 440 volt, 60 cycle power is used for
lighting and trickle charging of the battery and is carried
in lead covered cable. Also in this cable is carried a
twisted pair of telephone wires for maintaincrs' phone
and a single conductor number eight wire for low-voltage
common.
Nine hundred and ninety-five relays are supported on
three New York Central standard relay racks with a
capacity of 1,058 relays, located in the relay room of the
Fit/. 1: Tlif iiilirlotkirii/ toivi'r
tower shown in Fig. 1. A control panel is located
in the relay room for switching operation of AC-DC
motor generator set and five copper-oxide rectifiers used
for charging batteries. The maintainers' office is next to
the relay room.
A General Railway Signal Company model 5B inter-
locking machine, with latch-operated locking was in-
stalled, consisting of 265 working levers, six spare levers,
and 3^ spare spaces. It is enclosed in a cabinet of steel
and finished in green. It is equipped with 102 forced-
drop type electric locks, 92 time releases with adjustment
for to 90 seconds for releasing the electric locks, .391
lever lights, 662 six-way banks of low-voltage relay type
circuit controllers, three ammeters, one voltmeter and
ground detector switches. This may be seen in Fig. 2.
Mounted on the wall, directly back of the interlock-
ing machine, so that the leverman in facing his levers
gets a full view as shown in Fig. 2, is an illuminated
(Continuid on Paijc 2i)
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What Does the Construction Industry Expect
of the Engineering College ?
Ai.iiKRT I'. CiRnn\srn.i)i:R
Extr/>/s from an (ulihcss hef'irr the local student hnim It of tin A. ^. (J. E*
CONSTRICTION (m|il()\i-i.s want iik-h who not
only have already dccidcti that they will like con-
struction, but who are willing to work and grow
into the game. They need young men as timekeepers,
material clerks, expediters, surveyors, detailers who do
not carry watches, but who will watch the men ahead of
them.
It is difficult for a youngster who has had no con-
tinuous bossing for eight or ten hours a day to fall right
in line and like it. He often becomes dissatisfied or dis-
couraged and quits his first job, only to find his next
one is of the same kind or worse.
It takes some men months to
learn—what a .soldier takes for
granted — that he must take
orders gracefully, if he would
give orders graciously, or even
get a chance to bo.ss at all. Self-
discipline precedes disciplining
others.
Construction coinpanies want
only such collegians as cannot
exactly forget books, but who
can translate them into action.
They w'ant chaps who will for-
ever ask why their foreman is
doing so and so, and at the same
time that they are obeying orders,
say to themselves—and only to
themselves
—
this is the way /
would do it when doing the
directing. Continuous practice
in such thinking makes perfect
sooner than one often realizes,
and, !o and behold, when his
opportunity does spring at him,
he has not only a good way to
do the task, but a good reason
for so doing it. Such fellows promote themselves
rapidly.
College men should be taught that human nature is
the most important "force of nature" encountered in
the whole engineering curriculum. They shoidd
learn to mingle with men of all ranks, to know their
thoughts and motives, to gain their good-will, confidence
and respect. "A Creat Carpenter" mingled with the
lowliest, but that did not drag Him low. It taught Him
to teach others simply, truthfully and honorably. A few-
leaders may be born, but thousands have made them-
selves.
The construction industry seeks men who can work.
and learn, and grow, and dream, and build better than
has ever been built before. It needs inventive hands,
ingenious minds and clever performance. It needs clear
thinking, quick acting, fair-ininded leaders. It nmst
have industrial captains, who will encourage architectural
and engineering designers, and in turn, convert their in-
spirations into realities. They must transform air castles
('.ollr(/c students should insistently
he made to realize that at their age
they must try to seleet their voca-
tions, and that colleges are their test-
ing laboratories for that purpose. If
a hoy does not like mathematics, for
instance, he ivill not like engineering
and not liking it, icill rarely succeed
in it. The sooner a student, there-
fore, finds he is not cut out for en-
gineering, and snitches to medicine
or commerce or laic, the better of]
both he and his classes ivill be. Unless
n man is happy in his %vork. he ivill
not be content nor ivill he often
prosper. Joy and icork should be
synonympus.
—A. P. CiREExsFEi.DER
into qualitN' structures with speed, skill aiui econoiny.
This industry, as all other industries, needs men who will
co-operate with competitors to better their common and
the public good, which last they must indeed serve if
they would serve at all. It needs emplovers who will not
forget that they were once employees, and who will be
fair and helpful to the men who succeed them, if they
would themselves be successful. It needs civic leaders
who will march in the vanguard of community progress.
Such are the men the construction industry wants and
must have of the colleges. Constructors are sorely pressed
in their daily routine and busi-
ness transactions. They need and
realize their need of assistance
from technical and spiritual fel-
lows within the college walls.
Regardless of their tastes, time
seldom permits active field
leaders to recruit their moral or
educational forces. They ap-
preciate and should encourage
engineers who serve on college
staffs. The construction indus-
try, being the second largest in
the country, must do its share
to eliminate waste. College staffs
must largely perform such re-
search work, as well as preach
the gospel thus gleaned.
College laboratories must help
standardize construction mate-
rials and simplify construction
machinery. Means of reducing
seasonal unemployment must be
solved, and men must be taught
that it is "custom not climate"
which governs construction con-
ditions. Washington University
men are endeavoring to correlate school work with field
practice. They require two summers' work on construc-
tion operations, with written reports. They include
courses in business accounting and administration.
In addition to this vacation control, Washington
University calls upon the actual construction fraternity
to regularly supply experts and leaders to lecture the
students. It is this kind of co-operation of town and
gown that is going to rapidly solve the problems of con-
struction education.
As Hon. Herbert Hoover intimates,—education is
not needed alone in technology, but in social conceptions
which penetrate far deeper and which promise greatly
for the fviture in our standard of living. As Charles
Schwab indicates,—human power, brain power, soul
power, are far more important to our land than horse
power.
*The material in this addri
struction section of the Amerii
York, Linuary 20, 1927.
was first presented before the con-
Society of Civil Engineers in New
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Mechanical Engineering Research at the
University of Ilhnois
R. P. HONOLI) '31*
at Illinois delves
MOST of the reports thus far presented to this
assemblage, and those which are about to follow,
are rather closely confined to one particular
branch of research, such as heating and ventilating, in-
ternal combustion engines, refrigeration, etc. This paper
however deals with a much broader field, namely with
the entire mechanical engineering research field at Illi-
nois. This necessarily prevents us from delving very
deeply into any particular branch of research. A super-
ficial discussion of all must suffice.
Mechanical engineering researcl
into almost every conceivable
branch of this science. Investiga-
tions are being conducted into the
helds of heating and ventilating,
refrigeration and many others.
Probably one of the best known
is that of "warm air research."
This research is being conducted
by the university in co-operation
with the National Warm Air
Heating association. The purpose
of this research originally was to
establish a basis for rating warm
air furnaces. To correlate the data
obtained in the laboratories with
those obtained in an actual prac-
tical installation and to extend the
work to problems for which the
laboratory was not adaptable, a re-
search residence was built. This
residence is a completely furnished
typical mid-western house of
standard frame construction. A
very carfeful record of all room
temperatures, register tempera-
tures, air velocities at register
faces, fuel used, etc. is kept. Wall
stacks are so arranged that they
can be relocated quite easily. In this way it is possible
to determine under what conditions the heating system
operates most efficiently. By correlating all of the data
thus obtained many interesting and vahiable facts have
been brought to light, a few of which are as follows:
A system of rating warm air furnaces in terms of
leader pipe areas has been developed. Also the relation-
ship between the temperature of the air at the register
faces, and the heat delivered per square inch of leader
pipe area has been expressed in the form of curves. This
greatly simplifies the design of warm air heating sys-
tems. Perhaps one of the greatest single benefits result-
ing from this research has been the adoption by the
National Warm Air Heating association of a standard
installation code, made possible by the use of certain
factors developed by the research work. This has ac-
complished a great deal toward insuring the proper in-
stallation necessary for efficient and reliable warm air
plants for residences. It has done much to remove the
prejudice against this type of house heating previously
bo> wliich
K. P. HoNoi
existing, due sometimes to careless installation and to lack
of information regarding best practice. So much for
warm air heating.
1 he steam and hot water heating research is another
very interesting investigation. This investigation is con-
ducted in co-operation with the Illinois Master Plumbers
association and the Institute of Boiler and Radiator
Manufacturers. To facilitate the testing of radiators
under actual operating conditions a low temperature test
laboratory was built. This laboratory is in reality a huge
built part of a house with walls,
windows, floor and ceiling. Almost
any type of weather, from a
balmy spring day to a blustery
winter storm can be duplicated in
this laboratory.
Many tests upon the efficiencies
of various types of radiation both
with and without enclosures have
been conducted in this laboratory.
&^ J The results from these tests have
done much to eliminate the un-
certainties involved in inclosed
radiator heat. The best radiator
locations have been studied and the
effect of storm sash, shades and
curtains have been investigated.
In the near future it is con-
templated to extend this research
into the field of a study of heat
distribution resvilting from the use
of insulation in floors, walls, and
ceilings.
Refrigeration offers the next
field for research. Many investi-
gations into this field have been
made at Illinois in the past few
years. Among the most prominent
of these has been that of the heat
transfer in ammonia condensers, and a study of friction
losses in the flow of brine and water through pipes.
At present a very comprehensive research into the flow
of ammonia gas in pipes is being carried out. The ap-
paratus used in this test consists of a small motor-driven
ammonia compressor, and a fairly large two cylinder,
double acting ammonia compressor driven by a Corliss
engine. These tests have been practically completed and
the results obtained shouhi appear in bulletin form in a
very short time.
One of the most recent studies into the field of me-
chanical engineering research involves the subject of in-
ternal combustion engines. In order to make possible
the actual study of the combustion in an internal com-
bustion engine a small single cylinder gasoline engine has
been equipped with a cylinder peep hole. This hole is
(Continued on Page 21 j
•Given before the fall meeting of the A. S. M. E. at French Lick
Springs. Indiana. October H and 15. Mr. Honold is president of the
local student branch of the A. S. M. E.
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Features of the Engineering Library
( in \\ I I I IDKKK ',V1
ll'il/i its man- limn 2t>.?l)ll valunus iiiht i/s .t^O l,i liiiii ill
miKiazinis anJ ^iihliailiuns oj soii,l'us, lli>- iiuiiiinrinii lihiiiiy
of llie univirsily offers a sirviie /o ini/hiiiis ixli'uli llii-y l>ir-
liaps ilo iiol fully apftreciale. Pari of lln- fuihtre lu lakr lul-
viiiiliit/f of it may he due to a lark of kiioivlectije of ivlial il
lo/llaiiis, and litis arlicle is inleiuled In iiir/uiiinl the sUulrnl ivilli
its main fealures.—The lidilor.
A LIBRARY to sfi\c tlic p.uricular interests of en-gineering students and facidty is maintained on
the first floor of Engineering liail. It is open on
week days from 7:50 a. m. to 10:00 p. m. and tl\e read-
ing room can accommodate 110 persons.
At present there are on its shelves approximately
26.S00 volumes—books, bound volumes of magazines, and
publications of societies. In addition the library sub-
scribes to 350 technical periodicals, and 12 general maga-
zines. Those of more general interest are placed on
magazine racks and arc available for use in the room.
They may not be taken from the library. Among them
are Engineering News-Record, Electrical World, In-
dustrial Engineering, Railway Age, Chemical and Metal-
lurgical Engineering, and Meclianical Engineer. There
are foreign language publications, such as I'Aerophile and
I'Aeronautique from France and Ingenieria Internacional,
written in Spanish but published in New York. The
general magazines include Scribners', Review of Reviews,
and Current History Magazine.
Many of the lantern slides used in engineering
lectures are filed in the library. They number about
,^,200. There are other pictorial collections as well
—
photographs of engineering projects, particularly of those
with which graduates of Illinois have been connected.
Among the books are found the important general,
engineering, law, and biographical encyclopedias. The
standard modern works on engineering are all present,
and between 1 ,600 and 2,300 new titles appear on the
shelves each year.
There is an interesting collection of rare and early
books on engineering in many languages. One of the
earliest of these is Agricola's "De Re Metallica," of
which the library has the 1657 Latin edition, and the
translation into English by President and Mrs. Hoover.
Simon Stevin's "De Beghinselen der Weeghconst" is an
old Flemish treatise on mechanics. The French authors
Rondelet and Bclidor are also represented. There are
several early works on descriptive geometry. Old en-
gineering books in English include Rennie's book on
rivers and harbors, Smeaton's description of the Eddy-
stone liglithouse, and Tredgold's work on steam engines.
That fiction has a place on the shelves of the en-
gineering library is not generally known, but stories
liaving a particular relation to engineering activity can
be found here. Biographies of engineers, historical
works, and books of travel are also included in the non-
technical volumes. To this general reading list some 50
titles are added each year.
In order to make the articles which appear in
periodicals available for reference work, indices are pre-
pared such as the Engineering Index and the Industrial
Arts Index. These list subjects alphabetically, and under
each subject give the title of all articles dealing with that
subject, the name of their authors, and the name, issue,
and page of the magazine in which they appear. These
indices are themselves issued periodically, and are regular-
ly combined at the end of a year to include all material
which has been published during that year, so that the
work of obtaining articles on any particular subject is
reduced to a minimum.
Various engineering organizations also publish ab-
stracts of important contributions to the leading technical
magazines. They are of value, in that the condensed
material is at hand to be scanned and the article from
which it was taken accepted or rejected without the
trouble of looking it up, but of course their scope is much
more limited than that of the indices. Four of these to
which the library subscribes are: Chemical Abstracts,
Science Abstracts, Building Science Abstracts, and En-
gineering Abstracts.
Each book is listed in the card catalog under its
author's name, and most books have other cards whose
headings are the subjects of which they treat. Some also
liave a card whose heading is the title. With the help
of this catalog it is a simple matter to prepare biblio-
graphies or locate a particular book about which one has
very meager information.
The more important rules governing the use of the
engineering library can be stated as follows:
Reference books and periodicals may not be taken
from the library.
Reserve books may be taken out over night, but must
be returned at •5:00 a. ni. of the following day, and if re-
turned late, are subject to a fine of 25 cents for the first
hour and five cents for every hour thereafter until re-
turned.
Other books are loaned for a period of two weeks, and
carry a fine of two cents a day beyond that period.
./. \orfcl TrKf. aiilhor iif the
nrtii le <iu /he of>pnsite />u//e. is seen
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Surveying for Grade Separation
|. \i)R\ri Tri n. c.e. '.il
SHORTLY after the close of school in June 1930,
the writer, together with some fifty college students
hailing from I'urilue, Northwestern, Michigan, and
Illinois, reported to Mr. (i. N. Lamb for work in the
First District Office of the Illinois Division of Highways,
Elgin, Illinois.
District No. 1 includes nine counties in the Chicago
area, and it is this ofifice that is carrying on the State's
big construction program in the metropolitan district.
The work for 1930 may be divided into three major
parts: the construction of new roads, the widening of
existing pavements, and grade separations for both new
and existing routes.
L'pon our arrival in Elgin we were immediately put
to work on various jobs in the office, but as the busy
season got under way, most of the jiniior engineers were
sent out on construction in the role of inspectors or in-
strument men. It was the writer's good fortune to be
assigned the job of instrument man on survey.
The survey work in District No. 1 is handled by
seven parties of five men each, the field work being
directed by a locating engineer and his assistant. Most
of the men live in Elgin and travel by automobile to the
work, but in the case of long surveys in remote parts of
the district, they move to the town nearest the job. The
crew to which the writer was alloted was doing odd jobs
in widel\' separated locations, hence m.ule its head-
quarters in Elgin.
Among the many enjoyable features of the work was
the association with the men of the party, a description
of whom must be included to make this narrative com-
plete. Our chief-of-part\ was Mr. O. D. Frost, an Illi-
nois graduate of the class of 1922, an efficient engineer
and a man known for his good nature and his ability to
co-operate with his associates. The head chainman was a
lithe, brown skinned lad, whose chief aspiration was to
become a Forest Ranger, an idea which originated on a
trip to Canada, during which he travelled through many
acres of timber and saw a genuine forest fire. The rear
chain was ably handled by a two-hundred-pound Irish lad
with curly hair, freckled face, and an irresistable smile.
Chick had two years' work at Notre Dame and like all
good "Irish" he was loyal to the clan of Rockne. If he
ever had an ambition in life, it must have been to get a
coat of tan. After exposure to the siui his skin woidd
turn red, blisters \\-ouId appear, ami the final result
Skill Ii sliiiivbui itl'l'riiximuli- liii iillnii iij liio Inu yr.l jni Ruuli- ?.i cil l.islr. Illiniiis
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would be a few more freckles. Chick covild profit by a
study of forestry, for no matter whether a reference
tree had round or lobed leaves, acorns or blossoms, he
would call out, "Six inch box elder."
After our party became well organized, we were sent
out on the location of a section of Route 4 north of Joliet,
a distance of about eight miles. The village of Lisle was
a stragetic point on the new route in that a highway and
railway crossing were involved, the highwa\' being Route
18, extending east and west on the northern limits of the
village. The railway concerned was the main line of
the Chicago, Burlington, and Quincy, passing through
the center of the village and parallel to Route 18. The
state proposed to build grade separation structures at the
two crossings and economy alone warranted a careful
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After completing the survey on Route 53 we were
assigned a different type of work, that of making pre-
h'minary surveys for proposed grade separations. Our
experience in Lisle made our party particularly well fitted
for this new job. The elimination of highway and rail-
road grade crossings has been done quite frequently in
the past, but grade separation at highway intersections is
a new departure in road building. The need for an ade-
quate means of handling traffic at busy crossings has
become much more apparent with the construction of
forty foot highways, and the answer to the problem
seems to be a structure that will allow traffic to pass
under and over it, with a minimum amount of inter-
ference from vehicles that are changing direction. As
designed by the State Highway Department, these struc-
tures will probably be of reinforced concrete, and to-
gether with the connecting ramps, will represent a large
investment.
Figure 2 is a plan view of a grade separation, the
arrows indicating the routing of vehicles so that there
will be no crossing of traffic, and no left turns. A driver
approaching from the left and desiring to turn left would
cross over the structure, turn right around ramp C and
then pass through the subway. In cases where left turns
are permissible, the drive above would turn left around
ramp A. The intersections as built will be modifications
of this more or less ideal arrangement. Figure 3 is a
perspective drawing of a grade separation, the connecting
ramps not being sho^\n. In the case of a sharp angle of
intersection, such as this, two ramps will probably be
used opposite the small angles.
A preliminary survey for a grade separation involves
the establishing of the center lines of the two routes.
correct measuring of the angle of intersection, the run-
ning in of the center lines of the connecting ramps, the
cross-sectioning of both ramps and intersecting routes, and
a careful survey of all drainage possibilities. The surveys
of the two lines were extended 1,500 feet each way from
the intersection. The ramps were turned out at an
average distance of 500 feet from the point of inter-
section.
In the case of surveys on two new routes, our first
job was to establish the center lines, and turn the angle
of intersection. Next we chained out 500 feet in each
direction along the center lines, and turned right angles
to the tangents at the points thus located. These lines
were extended to their intersections, thus forming a closed
polygon. The angles at the P. I.'s were then measured,
and we were not satisfied until the polygon closed within
one minute of the actual value. After measuring the
sides of the polygon, we had the central angle and allow-
able tangent lengths for each ramp. In the case of
unequal tangents, we used the shorter lengths as the
tangent distance. From this data we calculated the
curves, being sure to use the proper chord lengths for
the degree of curve used. In most cases it was necessary
to use lengths of 12yj feet or 25 feet. With a little
care in running these curves, the error of closure was
made quite small. While doing the cross sectioning, we
took levels along the nearby water courses in order that
the design office might have information relative to the
drainage possibilities. The last job was the hardest of
all, that of pi[tting down test holes. We used a seven-
inch augur with four foot extensions, an outfit that was
efficient in earth, but was not good for drilling in loose
rock or sand. We usually struck hard clay or rock at a
depth of about fifteen feet from the surface.
Fiij. 3: Pirspt'ilh'i' draiuinij of a (jraJc siparation
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What's the Future of the Pipe Line?
1 he past few years have seen vast extensions of the
pipe-line systems of the United States, and during the
depressed period from which we are beginning to emerge
pipe-line stock has perhaps been one of those which
suffered least. But now railroads have reduced their
transportation rates on oil, and pipe-line stock is fall-
ing off.
A pipe line is certainl\ a one-purpose piece of equip-
ment. We can conceive of a tank-car being converted
into some sort of refrigerator car, but it stretches our
imagination too far to picture butter or lard being forced
through a thousand miles of underground line. Being a
one-purpose piece of capital, then, it behooved its backers
to thoroughly investigate the sufficiency of that one pur-
pose to pay dividends on the capital they were investing.
It does not seem that financiers would go to such
vast expenditures as they have in these installations with-
out first considering the lowest cost at which railroads
could, and hence ultimately would, transport oil. On
the other hand, a claim is made that the actual cost of
transportation of a gallon of oil from Texas to the east
coast is in the neighborhood of three cents. Can the pipe-
luie companies do much better? Time will tell.
We're Sorry We Came
With dyspeptic ill-humour, one of our campus pub-
lications siezes upon the project of establishing a freshman
Knglish course for engineers in which the material
studied would be entirely of an engineering natme, and
makes remarks to the effect that this is a step "in the
right direction," which direction proves to be the com-
plete segregation of the engineering school from the Uni-
versity.
On the one hand, we do not believe that any such
change in the curriculum should be made. Engineers
are being forced more and more today into contact with
men and women in widely varying activities, and more
and more are coming to need every broadening influence
they can avail themselves of in order to become success-
ful. The chances for these influences are small at best
with the few electives at the disposal of engineering stu-
dents, and we believe it would be a distinct error on the
part of those planning the curriculum to make this con-
templated change.
On the other hand, it grieves us deeply that we are
not wanted hereabouts. It does us little good to think
of ourselves as belonging to one of the largest schools of
the UniversitN', and to that particular one which has
done more to bring fame and honor and glory to Illinois
than any other, when we know that other loyal Illini arc
looking anxiously forward to our segregation from their
select group. So we sadly and abashedly lower our eyes,
and, nervously fingering our slide-rules, mumble,
"Pardon us, please, for living."
Are We Neglecting Our Patron Saint?
St. Patrick was an engineer.
He was ! He was!
St. Patrick \\ as an engineer.
He was! He was!
For he invented the calculus.
And handed it down, he did, to us
—
Erin Go Bragh!
Rah for the engineers!
With this and many similar songs of rejoicing the
engineers of colleges in the Missouri valley and many
other sections of the United States pay tribute to the
popular old Irishman who has become the patron saint
of engineers.
That he is their patron saint, everyone of any im-
portance knows—for didn't he make Ireland habitable
by draiiu'ng the land and by building Allah knows how
many bridges and roads .'
In celebration of St. Patrick's day elaborate programs
are carried out by the facidty and student bodies of many
engineering schools. The lighter vein is evidenced in the
faculty-student mud-slinging banquet popular in many
places, and the ball at which the St. Pat's queen, chosen
by secret ballot, is announced and crowned. More seri-
ousl\', the St. Pat's day program is an oppoitunity for
every student and faculty-member in the University to
visit the engineering laboratories in operation and see
exhibits of all the phases of their activity, and one feature
of the day is the dubbing as Knights of St. Pat all those
seniors who have maintained high scholastic averages.
We would like to see some energetic group push the
inauguration of some similar activity on the Illinois
campus. There is a place for such a program.
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A New Service by the A. S. C. E.
Civil Engineering, the new nionthK' publication of
the American Society of Civil Engineers, receives a
hearty welcome from the editors of the Technograph.
Its publication policy states that "Civil Engineering"
is needed to amplify the service of the society to its mem-
bers, and that it will present some of the society's tech-
nical papers in a form which shall be attractive to a large
proportion of the members, and will provide a suitable out-
let for material dealing with professional activities, thus
making the society a more dynamic force in the non-
technical and professional relations of the engineer, and
will furnish improved facilities for the officers and com-
mittees of the technical divisions.
It does precisely those things. Main' of us \v\\o in
the past have had occasion to wade through the extremeh
technical articles of "Transactions' and "Proceedings"
will welcome the more popular presentation of timely
subjects which is made in "Civil Engineering." Business
men and lawyers whose relations with engineers make
some knowledge of current engineering events and
practice desirable or e\en necessary will find that knowl-
edge easily obtainable in its pages. Practicing engineers
will find it to contain valuable hints on construction
methods.
We hope Civil Engineering will be given a place on
the magazine rack of the engineering library at an early
date.
Some Suggestions for an Improved
Curriculum
It is hardly the right of undergraduates to state what
the curriculum should comprise, but we believe there are
certain friendly criticisms which might be made to ad-
vantage, particularly with respect to design and mathe-
matics.
From practically every employer of engineering gradu-
ates comes the complaint of lack of practicality—ignor-
ance of construction methods ; limits to whfch theory
can be carried. It would be supposed, then, that the at-
tention of the engineering school should turn towards
instruction along practical lines, in order to better pre-
pare its students for their first jobs.
An admirable opportunity for this presented itself to
Illinois last year and this in the varied engineering
projects being carried on on the campus. For example,
the senior civil design could have been varied from the
time-honored precedent of designing a mill-building to
the design of a gymnasium, following the general dimen-
sions of the new women's gym now being erected.
Parallel with truss, column, and girder design could
come visits at the site of the work, with the chance to
observe details of design and requirements of construc-
tion methods which otherwise make only a faint impres-
sion on the student. Hut no such change was made.
While the steel erection goes on, the senior civils pond( r
over a hypothetical problem worth half as much.
Similarly, when the reinforced concrete chemistr\
annex was being constructed last spring, juniors in the
reinforced concrete classes were never once referred to
any detail of its construction, and while pouring was
taking place the\ were in the basement of the materials
testing laborator\ watching the breaking of concrete
beams—an experiment they could ha\e witnessed any
other day of the year.
It would also seem that the highway course could
have been varied or extended to include a design and
estimate for the repaving of Wright street, a project of
interest and importance to e\ery one in the class. Such a
project would have gi^en opportunitv' for a later com-
parison with actual methods and costs of construction.
But the repaving was scarcely mentioned, though costs
of hypothetical jobs were figured.
If then the engineering graduate is criticized for lack
of practicality is it not at least in part due to the failure
of his instructors to make their courses flexible enough
to take advantage of such opportunities as these?
A second criticism we want to present is the rather
lax method of introducing engineers to higher mathe-
matics. It is almost axiomatic that a good engineer must
"have a turn" for mathematics, yet it seems that a great
many times the tendency has been to make the exposure
as painless as possible. While it is true that calculus (in
particular) is little used by the engineer in practice, it is
equally true that as the basis of mechanical principles
and the elastic theory it is invaluable in the science of
engineering, and the student with a sound knowledge of
its processes finds mechanics and resistance of materials
infinitely simplified and is enabled therefore to put more
attention to the practical aspects of these subjects.
In particular, our attention was called very forcibly
this fall to an engineering sophomore whose calculus in-
structor had decided to omit considerable of the intro-
ductory matter concerning the significance of the deriva-
tive "in order to save time," and had plunged the class
into rules for differentiation without a single student's
understanding the nature or the \alue of the process.
This information came from an "A" student and we do
not believe it was prejudiced. No wonder the juniors
attack integral signs with blank looks and faint hearts.
This is our side of the question. (^ur instructors
shoidd and undoubtedly do have very good reasons for
the methods they choose, but it still seems that something
might be done about it.
Arc-Welding Comes to Stay
Arc-welding of steel buildings has acquired a recog-
nized place in engineering practice. Boston and New
York both have large new buildings partially or wholly
constructed by this method, and its many advantages arc
attracting engineers throughout the countr\.
It is a progressive step, it would seem, even from the
standpoint of business efficiency alone. It would be an
interesting job for someone with nothing to do to calcu-
late the annual cost of the work of re-adding columns in
ledger books and relocating misplaced commas made
necessary by the sudden staccato of the riveting machine
on the skeleton across the way. In downtown districts
the relief from construction noises will be immense.
Apparently shop work will be considerably reduced.
Plate girders which now require thousands of rivets in
thousands of holes will be built up imder the electric arc,
machine operated, at great speed and reduction of cost.
In the field, stresses due to reaming out holes to
match and the uncertainty caused by possible overheating
of rivets will be eliminated.
Further progress of this method will depend on the
education of conservative engineers to the reliability of
welded joints. It would seem that the electric-welding
art has progressed far enough be\ond an experimental
stage that it can be classed with riveting as a satisfactory
scheme for joining structural members.
Perhaps the engineering experiment station of the
1
'niversity will undertake an investigation of the new
method and by its reports aid in improving design
schemes for use with it. Our laboratory is admirably
equipped for big-scale tests of this nature.
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DEPARTMENTAL
NOTES
ArchitecUiral
A. F. Deam has come to the University
from Armour Institute to become professor
of architecture. He has attended the
Academy in Rome as a Fellow and has
travelled extensively in F-urope. lie has
done much work with Hurnham Hros. of
Chicafio. W. II. Sheik left the Oklahoma
A. and M. ColleKe to become instructor in
architecture at the tiiiversity. While at
Carnegie he received the A. I. \. medal as
well as other minor prizes. J. E. Sweet has
become instructor of architecture, coming
from the architectural offices of John
F.berson and D. B. Hull in Chicago.
Louise Marie Wood roofe has returned as
instructor of architecture after a four
years' absence. She has recentiv studied
in California. W. .'\. Ganster, H. J. Har-
man, and Charles Hehrensmeyer have be-
come assistants in architecture, having
graduated from the University last June.
E. F. Toth has left the architectural
offices of C. W. Lampe and Companv of
Chicago to become assistant in architec-
ture.
The Travelling Exhibition of the
Beaux-Arts Competition, 23rd Paris Prize,
were on displav November 11-1+. Projects
by graduates from the Behrens Master
School in Architecture at the Academy of
Fine Arts in Vienna were on display No-
vember 1 to 14. Exhibition of the Founda-
tion of Architecture and Landscape
.Architecture, Lake Forest, will be on dis-
plav December 1 to 13. The Grand
Central Exhibition will be on display No-
vember 22 to December 22.
Ceramics
On October 1 the American Ceramic
Societv held their first meeting of the
year in the cabinet room of the Union
building. Twentv-three were present.
Professor R. K. Hursh gave a talk con-
cerning the society, discussing the founda-
tion and the activities of both the senior
and the student chapters. Dr. A. I. \n-
drews spoke next, giving three main
points in his speech about the benefits
which come from the society: inspiration,
information, and social contact.
.\ letter from Professor C. W. Parme-
lee, head of the department, who is on a
trip in Europe during his Sabbatical year,
was read.
Professor Parmelee is on a leave of ab-
sence in Germany. Professor Hursh is
now acting head of the department. Mr.
H. W. Alexander has been appointed an
assistant in charge of laboratory work
for the present year. Last summer tests
were performed on the slagging of boiler
furnace refractories. This investigation is
in co-operalion with the American Society
of Mechanical Engineers. The I'tilities
Research Commission took part in tests on
the ageing of porcelain. Some work was
done on the atfcct of atmospheric condi-
tions in the smelting of sheet steel enamels.
Mr. R. M. Smith, research graduate in
the Engineering Station, will assist in the
investigations on metal enamels. Mr.
Delos Wamsley is a special research
graduate assistant assigned to the ageing
of porcelain investigation.
Civil
At 4 o'clock, Wednesday afternoon,
October 8, the student branch of the
American Society of Civil Engineers had
the opportunity and pleasure of hearing
Mr. C. E. Grunsky speak on "Flood
Control." Mr. Grunsky, who received his
education in Germany, is a well known
authority on flood control engineering.
The meeting was very well attended
and Mr. Grunsky presented his talk in
such a manner as to make it interesting
to everyone. He spoke mostly about the
rivers in California, explaining that
close observation and study of each par-
ticular river was necessary before one
could devise means of controlling it dur-
ing periods of flood.
Mr. (irunsky stressed the fact that, in
flood control work, a factor of safety
should be employed that will adequately
take care of largest flood on record for
that particular locality. Records for the
last 20 or 30 years should not be used
as a basis in design, but rather records for
the last 110 years, or even longer if they
are available.
A business meeting of Chi Epsilon was
held in Room 211, October 8, at 4 p. m.
The meeting was called to order by
President F. S. Brown. On account of
Joe Tiffany, Secretary-Treasurer, not re-
turning this year, M. M. Culp was elected
to serve in that capacity. M. T. Ekovich
was selected as representative to the
National Conclave at Minneapolis, Minne-
sota, October 18-19. Ekovich has returned
and reports a good meeting and trip.
Mr. K. C. Tippy, who graduated in
June 1927, has taken the place of Mr. E.
M. Loebs, who was instructor of civil en-
gineering. R. W. Kluge, B. S. '28 and M.
S. 1930 has been added to the staff to
help with the teaching load of the depart-
ment while Professor Cross is on leave of
absence. There are now thirty-one gradu-
ate students in civil engineering which is
(juite an increase over the past few years.
Prof. R. A. Hall has gone to the de-
partment of Civil Engineering at Union
College, Schenectady, to take charge of
engineering drawing. J. F. Tendrum,
graduate of the department of Architec-
ture at Michigan, has taken Prof. Hall's
place.
Electrical
In the article "What Branch of En-
gineering Shall I Choose" which appeared
in the October Technograph, Prof. E. C.
Schmidt was indicated as the head of the
electrical engineering department. Prof.
E. B. Paine is the head of this depart-
ment and was the author of the article
concerning its work. We wish to apologize
for this error.
Professor C. A. Keener has returned to
teacliing duties after spending a year in
the engineering work in the office of the
Consulting Engineer, General Electric
Co., Schenectady, New York. Mr. F. T.
Tingley was at the University last year
taking Professor Keener's place. He is
now in the electrical engineering depart-
ment of Clemson College.
Mechanical
The American Society of Mechanical
Engineers held its first meeting of the
year Wednesday evening, October 8, in
the M. E. Lab. It was in the form of a
general get-together and smoker for me-
chanical engineers.
Various members of the mechanical en-
gineering faculty gave brief talks. Prof.
A. C. Willard. head of the department,
discussed "Professionalism" and urged all
engineers to develop a professional spirit.
Prof. C. W. Ham and Prof. Goff ex-
plained different phases of the A. S. M. E.
Mr. V. W. Joslin '31, president of Pi
Tau Sigma, honorary mechanical en-
gineering fraternity, presented J. H. Rick-
erman '33 with a handbook for having
the highest average in mechanical en-
gineering in his class. Plenty of cider
and doughnuts were served after the
meeting adjourned.
R. E. Gould left his job as research
associate in the University to become re-
search engineer at the Frigidaire plant at
Dayton, Ohio.
Mr. Broderich has been appointed as
research assistant. Mr. Espy has been
appointed an assistant professor to take
the place of Professor H. E. Degler who
is now at the U. of Texas as head of
the department of M. E. Mr. Fellows has
been added to the M. E. staff.
Dr. J. A. Goff has come from the West-
inghouse Electric Co. to become associate
professor of thermodynamics.
H. J. Stoever, research graduate as-
sistant, has gone to Westinghouse Electric
Co. as research engineer.
Mining
The Mining Society, an affiliated stu-
dent society of the American Institute of
Mining and Metallurgical Engineers, held
its organization meeting on October 15.
The officers elected were; H. M. Adams,
president; W. M. Kratz, vice-president;
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R. M. Schercr, secretary-treasurer. Pro-
fessor Callen gave a talk on the history
of the society and its relationship to the
A. I. M. E. Preliminary plans were made
to bring several moving pictures of
mining subjects to the campus for open
meetings of the society. Cider and dough-
nuts were enjoyed at the close of the
meeting.
The Hercules Powder Company has
just reprinted a series of lectures on
Mine Foremanship by Dr. John J. Rut-
ledge '94, chief mine engineer of the
Maryland Bureau of Mines. These were
originally published in the Exf>losivi' En-
gineer, but there was such a demand for
them to be issued in separate form that
the reprints were gotten out.
Mr. H. P. Nicholson, instructor in
mining engineering, has received his pro-
fessional degree, engineer of mines, from
Iowa State College. Professor Callen has
been appointed chairman of the Mine
Ventilation Committee on Engineering
Education. Mr. C. M. Smith is also a
member of the Mine \'entilation Commit-
tee of the Institute. He and Mr. D. R.
Mitchell were appointed members of the
Coal Preparation Committee of the newly-
formed Coal Division of the A. I. M. E.
Freshman Lecture
The first engineering lecture \vas
given by Prof. A. C. Callen, head of
the department of mining engineering,
on "The Romance of Mining." The
first group of slides showed how modern
are the salt and copper mines of Japan.
The salt mines appeared as huge build-
ings. A very beautiful ballroom was built
underground of solid salt. The different
tunnels looked like subways and were
decorated quite artistically. There were
also slides of the more common types of
mines. One of those used as an example
was the strip coal mine near Danville,
Illinois, that until 1915 had the largest
steam shovel in operation.
The University is very well situated for
the studv of mining because the largest
mines of the I'nited States are within a
radius of five hundred miles. This
makes it possible for the senior inspection
trip to include mines of all descriptions
and kinds of metals. The inspection trip
includes the largest lead, zinc, iron,
copper and coal mines in the United
States. Most of these mines are found
east of the Mississippi instead of west as
most people believe.
There is a place for cverv kind of en-
gineer in the mining industry. The
tunnels have to be planned just like any
building. This gives draftsmen or archi-
tects an opportunity. In some mines the
tunnels are supported b\- means of large
steel beams. The electric engines used to
haul the trains, the ventilation of the
mines and many other things '..ake it
necesary for all the different engineers
to be employed in a mine.
The second freshman engineering
lecture was given by C. E. Clnmsky, city
engineer of San Francisco, on the history
of engineering.
"In earlier times all engineering work
was called architecture," Mr. Grunsky
said, "and it was in France that the first
distinction was made between engineering
and architecture."
Engineering has developed rather re-
cently in the I'nited States. The first
great engineering project the I'nited
States undertook was the Panama Canal.
In fact, the only consulting engineers in
the country up to the time of the World
war were in the army.
In speaking of ancient engineering
projects, Mr. Grunsky brought out the
fact that the Egyptians are known not
only for their pyramids but for their
irrigation systems as well. He described
interesting events in the making of the
first telegraph, airplane, and steam engine.
Compressed air and hydraulic machinery
was the subject of the third lecture. Dean
Jordan presented two reels of films show-
ing the design and use of various pieces
of pressure apparatus, and the detailed
construction of some of the more common
ones.
There are few industries that do not
use compressed air of hydraulic pressure.
Dean Jordan brought out. Compressed
air has its greatest field of uses in mines,
where it is used for the various drills, for
ventilation, and for raising and lowering
the cage. In glass blowing, manufacture
of automobile fenders and hoods, ice man-
ufacturing plants, stone quarrying, and
riveting, compressed air also finds a
place.
.
Hydraulic pressure is used where a
smooth, powerful force is needed. Com-
pressed air pressure is very jerky, and
cannot be used in some industries because
of this.
General
B. B. Betty is now special research as-
sistant, having received his degree of M.
S. at the University in 1930. T. G. Taylor
is research graduate assistant in Theo-
retical and Applied Mechanics. He gradu-
ated from the University in June, 1930
with a B. S. degree in architectural en-
gineering. Dr. H. M. Westergaard has
returned from a leave of absence to
Denver, Colorado. Roy Tucker is a special
research assistant in the concrete column
investigation. He graduated from the
University in 1923 with a B. S. degree
in railway civil engineering. He received
a civil engineering degree from the Uni-
versity in 1928. He was professor of
mechanics and materials at Clemson Col-
lege for three years.
On October 15 Tau Nu Tau gave a
rushing smoker in College Hall. Major
C. H. Chapman, the head of the new-
coast artillery unit of the University R. O.
T. C, delivered a very excellent talk on
the subject 'The Relation of Anti-aircraft
to Other Units." Major Chapman's talk
was of a very interesting and instructive
nature. The new unit chief is a West
Point graduate as well as a graduate of
the Coast Artillery and Command Schools
at Fort Leavenworth. Since 1926 the
major has been stationed on foreign duty
in the Hawaiian Islands, from which
service he comes to assume command of
the I'niversity's Coast Artillery unit.
Shop Crane Built of Strong
.\luminuni Alloy
The application of aluminum to the
construction of a 10-ton traveling crane at
Massena, New York, is the largest struc-
tural use of aluminum to date. The three-
motor machine has a single-hook with a
lift of 22 feet. Two double-web girders
spaced 7 feet on centers with web plates
46x5-16 inches have a span of 72 feet 2
inches the article goes on to say in an
October 1930 issue of Engineering News
Record. The flange angles are 3}4x3J/lx!/.
inches, and there are 24x's inches cover
plates on top and bottom. The walkway,
handrails, and operator's cage are also
made of aluminum. A one-piece cast steel
trolley which is mounted on the girder
rails carries the hoisting mechanism.
The ordinary design used for building
steel cranes was made use of in this de-
sign with due allowance for the difference
in mechanical properties of steel and
aluminum. Although heat-treated strong
aluminum and structural steel have ap-
proximately the same strength, the
modulus of elasticity of aluminum is only
about one-third that of steel. Therefore,
an aluminum girder of the same cross-
section as a steel girder will deflect about
three times as much under load and not
have as much lateral stiffness. The
aluminum alloy crane girder was made
•of sections which were deeper, wider, and
greater in area. Also the girders were
given twice as much camber.
No fabrication difficulties were en-
countered in building this crane although
the compan\' had had no previous experi-
ence in this line. Ordinary machinery
was used to flatten and shear the web
and cover plates. The rivet holes were
sub-punched and then reamed to size. The
hot steel rivets, '4 inch in diameter, were
driven with air-operated squeeze riveter'i
but occasionally pneumatic hammers
were used. Excessive rivet temperatures
were avoided to reduce the possibility of
drawing the temper in the aluminum
plates. In addition, the rivets were driven
at random in order not to concentrate the
heating effect and in order to help keep
the girder straight. Since long plates and
angles were not available at the time of
fabrication, it was necessary to use more
splices than in ordinary in steel girders.
Sufficient time was not available for the
use of aluminum in the end trucks and
trolleys.
\ standard steel crane of the same
capacity and span length was erected at
the same plant for comparison purposes.
The only difference in design was the
girders. The moment of inertia of the
gross area about the horizontal axis is 21
per cent, greater than that of the steel
section. A total of twelve tons was saved
in the aluminum alloy crane. If a more
extensive use of aluminum had been made,
the saving would probably have been
about 20 tons. If the dead weight can
be decreased, the supporting members
throughout the entire length of runway
can he reduced. The light weight also
permits a saving in power owing to the
smaller inertia to be overcome in starting
and stopping.
Tests showed that the aluminum alloy
crane deflected 1.8 times as far as the
steel crane with the same load at the
center of the span. The decrease of the
ratio of deflection was due to the extra
splice material on the aluminum alloy
crane. The article states, "The maximum
defelction measured on the aluminum
alloy crane was 1.09 inches under a load
of 34,500 pounds which represents an
overload of 72.5 per cent, based on the
rated capacity of the crane." .^s to per-
formance, the aluminum alloy crane has
proved itself very worthy. Operators say
it is very easy to handle and quick to
spot. Indications point to a reduction in
power re(|uirements, also.
Daddy, why is that man running up
and down the smoking-car with his
mouth open ?"
"My son, that is a Scotchman getting a
free smoke."
CJolfer: "A bit off form today, don't
you think, caddie?"
Caddie: "Then you've played the game
before, sir?"
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machine was almost wholly in the field of the techniinie
of metal working. Like the lathe, the horing machine
is of great antiquity in the wood-working crafts. Its chief
application to the metal trades for a long period was
boring cannon of bronze or cast iron. These cannon-
Fig. 7 : The first milling machine
)m "English and American Tool Builders"
circumference. When Watt conceived the idea of the
separate condenser in 1765, he was beset with seemingly
insurmountable difficulties as regards mechanical equip-
ment for building his engine on a commercial basis. "He
was a skilled instrument maker atul his first small model
was fairly successful, but when he undertook the practice
of mechanics in the i/reat his skill and the skill of all
those about him was incapable of boring satisfactorily a
cylinder six inches in diameter and two feet long: and
he had finally to resort to one which was hammered. For
ten wear>- \ears he struggled to realize his plans in a full-
sized engine, unable to find either the workmen or the
tools winch could make it a commercial success. His
chief difficulty lay in keeping the piston tight. He
wrapped it around with cork, oiled rags, tow, old hats,
|iaper and other things, but still there were open spaces
left, sufficient to let the air in and the steam out. Small
wonder, for we find him complaining that in an 18-inch
diameter c\linder, at the worst place the long diameter
exceeded the short by three-eights of an inch. When
Smeaton first saw the engine, he reported to the Society
of Engineers that neither the tools nor the workmen
existed that could manufacture so complex a machine
witii sufficient precision." (Roe, English and American
Tool Ruilders, p. 2).
In 1774 Wilkinson made improvements in the boring
machine that can hardly be overestimated in their im-
portance. He made the boring bar heavier, ran it clear
through the cylinder giving it a fixed support on the
boring machines were usually vertical, tile cannon being
suspended o\er the boring tool and held against it by
gravity. In this case the boring tool was turned by horse
power.
The introduction of the Newcomen and Watt en-
gines with cylinders 30 to 60 inches in diameter created
new and difficult problems. Smeaton had designed a
boring machine in 1769 for machining cannon. This
machine is shown in Fig. 4, as applied to the boring of
a c\linder. It consisted of a head with inserted cutters
mounted on a long, light, ovcrluuig boring bar, driven by
a water wheel. The work was mounted on a rude
Fig. 5: Roberts' planer, built in 1817
•~i-om "EnKlish and American Tool Builders-
Carriage aiul ted forwaid against the cutter b\' means ot
a hand windlass. The cutter head was supported upon a
small carriage running in the c\linder, bur this merely
reproduced the irregularities in the original casting and
the finished cvlinder was neither straight, nor true in
Fia. 5.' Eoyplian boiu-drill
From -A 'History of Mechanical Inventions"
outer end. The significance of this improvement may
be judged by the statement of a member of the firm of
Boulton and W^att who wrote that IVIr. Wilkinson had
bored for them a cylinder 50 inches in diameter which
did not err "the thickness of an old shilling in any part,"
a remarkable accuracy for the boring equipment of that
period. It made the steam engine a success, and it may
be considered as the first machine tool that was adequate
for the requirements of large heavy work.
The drilling machine, which may be considered as an
important element of both the lathe and boring machine,
was probabl\ in use in prehistoric times in the form of the
bow-string drill as illustrated in Fig. 5. This form of
drill continued for a long period in antiquity the basic
instrument for many purposes. It was used by carpenters,
furniture makers, sculptors, gem cutters, in the latter
instance merely as the means of applying an abrasive. An
early form of the present day sensitive drill consisted of a
ilrill head and a table bolted to a wooden post.
In the invention and development of the metal planer]
no man seems to stand out clearly, as did Maudslay and
Wilkinson, for instance, in the development of the lathe
,ind boring mill. The French were pioneers, as indeed
they were in the case of the lathe and boring mill, but
th;-ir efforts apparently did not go beyond the early crude
machines which were described by writers on mechanical
Mibjects about 17^0. The invention of the planer has
h"en claimed in England, and it is said that it ma\' have
been iinented independently in this countr\, although at
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It took something more
than book learning
to lick this cyclone
A cyclone twists its destructive way through the West . . . telephone lines go down . . .
communication must be restored . . . page Western Electric! CL There's a real "kick" in
meeting and heating such emergencies. It calls for scientific manage-
ment, of course, the sort of knowledge you can get from hooks and
Starting siippltes on
arta is' bui a mailer training. But over and above that comes the sudden demand for
resourcefulness, man-sized ability, sheer grit. ©.To supply the telephone companies of
the Bell System with everything needed to give service, Western
Electric carries on a dependable, nation-wide system of distribution.
A vast undertakip-^
—
yet only one of this company's varied functions, yp '*• nm.on-. linoo/
Western Electric
Manufacturers Purchasers V>istributors
SINCE 1882 lol' C^r IlIE BELL SYSTEM
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Sharpening—
An expense tvhich good cutters
do much to reduce
ADEPARTMENT devoted to sharpeningcutters is a necessary part of every pro-
duction plant. The use of good cutters,
however, will keep the expenses ofmaintain-
ing such a department —• labor, wheels,
equipment.— at the lowest level.
Sharpening costs eat heavily into profits.
And, in addition, sharpening wears away the
cutters and shortens their life.— and so in-
creases their cost. Brown & Sharpe Cutters
effect large savings in sharpening depart-
ments. Ask for your copy of Small Tool
Catalog No. 31 listing a complete line of
cutters. Brown & Sharpe Mfg. Co., Provi-
dence, R. I.
IBSQ]
Brown & Sharpe
Cutters
Lower Production Costs
a later date. Certainly we know that these two countries
were responsible for its improvements and developments.
In l'"i<;. 6 is shown a planer built in Kngiand in 1817
by Richard Roberts. It is now in the South Kensington
Museum in Loiuion and is said to be the earliest planer
now in existence. It has the ear marks of the modern
planer. The chisel auvl file marks on the bed and way.s
show that it was itself made without the use of a planer.
The table was hand operated through a chain drive.
From this time on, the development of the planer was
rapid and by 1840 the design had become fairly well
settled.
The shaper was invented by Na.smyth in England in
1836. It was long known as "Naysmyth's Steel Arm."
The shaper was soon improved by Whitworth who added
the quick-return motion which has ever since been known
as the "Whitworth quick-return motion."
The first successful milling machine was built in this
country by Eli Whitney prior to 1818. This machine,
Fig. 7, is now in possession of Yale University. The first
universal milling machine was invented by Joseph R.
Hiown and was built bv the Brown & Sharpe Co., in
ISdl.
Scientific forms for gear teeth came into use between
1800 and 1850 along with the general development of
the machine tool. The first ideas of the use of epicyclic
and involute curves for gear teeth are ascribed to Roemer,
a Danish mathamatician, and to De la Hire, a French-
man in the latter part of the seventeenth century. Camus,
a French mathematician, and Willis, an Englishman, are
perhaps the men who had the most influence in crystalliz-
ing the modern principles of gearing.
Smeaton is said to have first introduced cast iron
gears in 1769, at about the time of the introduction of
his improved boring machine. Fig. 4, and it is claimed that
.'\rkwright used cast iron bevel gears in 1775. As is well
known, about fifty years ago the involute curve began
to supersede the cycloidal curve for gear teeth, and then
came the introduction of the modern precision gear cut-
ting machines which took over a large part of the gear
cutting previously done on the milling machine.
In early times skill in hand forging is considered to
have been equal to if not better than that of the present
day. The first machine forging was probably accom-
plished by means of the tilt hammer, which was simply
a blacksmith's hand hammer enlarged, and operated me-
chanically. The steam hammer is accredited to Nasmyth,
who in 183Q, first outlined a design which in its form
and essential elements, has undergone little change since.
From the foregoing we may be able to obtain some
idea of the state of mechanical equipment up to about
the period of our Revolutionary War. Forging and
foundry practice seem to have made steady progress, but
the appliances for cutting metal were little better than
those of the Middle Ages. During the period from about
1775 to 18(X), due very largely to the impetus furnished
by the invention of the steam engine, the ground work
was being laid for the remarkable development which
took place during the next fifty years, from 1800 to 1850.
During this short period progress was so rapid that most
of the general machine tools took the forms substantially
that of today. The many improvements and refinements
that have been made since lea\e the general principles
little changed. Practicallv all the development of this
period took place in England. Machine tool building
on the continent of Europe was at least a generation be-
^I'lid that of England. During the period mentioned,
England developed the lathe, boring machine, planer,
Inper, steam hammer and standard taps and dies.
It is probable that this phenomenal de\'elopment was
in a large measure due to the great inventions of Ark-
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wright, Whitney, Watt, Fulton, Stephenson and others,
and the hundreds of industries they called into heing.
Beginning about 18^1), leadership in machitie tool de-
sign passed from England to the I'nited States and there
it has remained ever since. In this country was de-
veloped the special machine tool, the turret lathe, auto-
matic lathe, milling machine, precision grinding ma-
chinery, the widespread commercial use of limit gauges,
and the interchangeable system of manufacture. To Eng-
land in the beginning and to the I'nited States later
belong the credit for the developments which have given
us the modern machine tool. Today, America retains,
undisputed, that leadership gained in the middle of the
last centur\'.
Mechanical Engineering Research
(Continui-d from Pai/f 9)
so placed that it is just above the top dead center position
of the piston. The peep hole itself consists of a spark
plug body with a quartz window replacing the ordinary'
core. Through this window the actual cylinder com-
bustion can be observed. By means of a delicately cali-
brateil radiometer it is intended to study this actual fuel
burning under both normal and detonating conditions.
By means of the data obtained it is intended to verify
some of the present thermodynamic laws of combustion.
To date most of the work has involved the cali-
bration of the radiometer, a very difficult and delicate
task. It is expected, however, that now with the calibra-
tion practically complete, the actual combustion study will
proceed rapidly.
Another very interesting subject for research has been
the flow of air through orifices, discharging into the at-
mosphere. Thus far a series of tests have been run
on orifices with a rounded approach. These test orifices
ranged in size from a diameter of
-Ki of an inch to a
diameter of 1 inch. Pressures in these tests varied from
1 inch of water to 35 inches of mercury.
The apparatus used in this test consists of a large
steel tank supported on an ordinary beam scale. Air is
pumped into this tank until the pressure is approximately
300 pounils per square inch. At this stage the tank holds
about 150 pounds of air. The supply to the tank is
then cut off. The air is conducted from the tank to the
orifice box, through a maze of copper tubes leading to
the supply pipe of the orifice tank. These copper tubes
are suspended in such a way as to have no measurable
effect on the scale beam reading. The pressure in the
orifice box is kept constant by several valves in the
supply line. By weighing the large tank at the beginning
and at the end of each test, the weight of air passed
through the office can be determined quickly and easily.
This weighing is made by method of substitution, making
use of a beam of light reflected fron- the scale beam
thus obtaining unusual accuracy. This makes the calibra-
tion of the orifice a simpler matter. It is intended to
extend this test to a study of plate orifices in the near
future. So much on the matter of orifices.
The performance of an underfeed stoker heating
boiler unit, burning Illinois coal under service conditions
IS the subject of yet another investigation. This research
is being conducted in the university laboratory for the
express purpose of determining the best method of stoker
control and the size of coal which would be burned most
efficiently.
Two methods of stoker control are being studied
thoroughly. In the first of these the coal and air supply
to the boiler is kept constant and both stoker and air
supply are arranged for on and off operation. In the
second method of control the coal and air supply are vari-
able and the stoker is kept on most of the time. These
Le/t Fis, 162 Jttikitis Extra Heaiy Iron Body Globe Valve, fian&eil.
Winners
Hard knocks are part of hockey. The player who
"stars" must be able to stand the gafF. Similarly
with a valve.
It is the ability of Jenkins Valves to take the hard
knocks and strains of service
. . . of rough handling,
of pipe weight, settling, lifting, expansion and
contraction. These set Jenkins apart as winners.
Into the making of every Jenkins goes a craftsman-
ship that can come only from many years of
experience in valve manufacture ... an experience
dating back to 1864. From the first perfect con-
trol of raw metals to the final assembly, excellence
is the keynote ofJenkins manufacture.
Practically every valve job is a job for a Jenkins.
Form 100 show a representative group ofJenkins
in iron and bronze. Glad to send a copy.
Send for a booklet descriptive of
Jenkins Valves for any type of
building in which you may be
interested.
JENKINS BROS.
80 White Street . . . New York, N. Y.
524 Atlantic Avenue . . Bovton. Mass.
133 No. Seventh Street Philadelphia, Pa.
Mb Washintiton BoulevarJ . Chicauo. 111.
1121 Sanjacinto . . Houston. Texas
JENKINS BROS. Limited
Montreal, Canada London. England
Jenkins
VALVES
Since 1864
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Used by headers
in Every Industry
BAILEY METERS, already so firmly
established in the Central Station
Field that they are standard equipment
in more than 90'^' of the up-to-date
plants, are now being used more and
more by the leaders in every line of in-
dustry—where they are reducing the
losses, improving combustion condi-
tions and providing accurate, reliable
and trustworthy data for accounting
systems.
BAILEY PRODUCTS
Automatic Control Liquid Level Gages
Boiler Meters Manometers
Coal Meters Multi-Pointer Gages
Draft Gages Pressure Recorders
Fluid Meters Tachometers
Gas Flow Meters Temperature Recorders
Gravity Recorders V-Notch Weir Meters
Write for Bulletin No, 81 B
Bailey Meter Co.
Cleveland, Ohio
Bailey Meters at Western Electric Co., Kearney, N. J.
tests, all of whifli arc briiij; run on Illinois coal are not
as yt't complete, but it is expected that they will result
ill many very interesting facts concerning the operation
of small domestic stoker-boiler units.
Another very interesting research along these same
lines is an investigation of Illinois coal in order to de-
termine which coal will give the best service when
burned in a stoker boiler unit of the chain grate type.
In this investigation the coal size ranged from ^ to %
of an inch. Tests were run on coal from the four major
fields in Illinois. In this way it was possible to determine
just exactU which coals would give the best service in a
chain grate installation. The results obtained in this
series of tests will appear in bulletin form very shortly
and should be of far reaching importance to all stoker
users burning Illinois coal.
With the advent of the modern high pressure, high
capacity boiler the question of boiler feed water impuri-
ties has become an increasingly important problem. At
Illinois a test laboratory has been set up to study the
effect of water impurities on both high and low pressure
boilers. This research is in reality being conducted by
the chemistry department, but because of its close rela-
tion to mechanical engineering problems and since the
research was originally started by the Mechanical En-
gineering Department, it will be mentioned here.
A great deal of very commendable work has been
done in the field of boiler plate embrittlement. This
condition, often found in boilers in certain districts of
the L nited States is caused by abnormal causticity in
the feed water. By suggesting several methods of treat-
ing boiler feed water of a high caustic content, the re-
search staff has been instrumental in doing away with a
great deal of the danger involved in using boiler feed
water with these impurities.
One of the most recent research problems attempted
by the mechanical engineering department is that of an
investigation into the efficiencies of power screws. A
large drill dynamometer in the L^niversity work shops
has been equipped with thrust collars and various
torque measuring devices. By means of these measuring
devices it is intended to determine the coefficient of
friction of the screws. In the tests different thread
friction of the screws.
There are many other research problems which are
being studied at the L^niversity of Illinois and which are
rather closely connected with mechanical engineering
research. Perhaps one of the best known is the fatigue
of metals research. However time does not permit us to
discuss these at present.
The Cover Picture—7"^^ Church of
Santa Sofia
The church of Santa Sofia at Constantinople is as
conspicuously the masterpiece of Byzantine architecture as
the Parthenon was of the classic (jreek. It presents, in
addition, a most remarkable solution of an engineering
problem. Built about 535 A. D. in the characteristic
Byzantine system of construction, it includes some
features of all the then known structural systems. L'nlike
the Roman system of dome construction, which never was
built on any but a circular plan, the Byzantine system
by the use of the pendentive found it possible to place a
dome on any polygonal plan. In this use of the penden-
tive, the engineers so designed a domed structure that the
thrusts of the supported mass were concentrated at a
given number of points. These were usually four
massive piers from which sprung the pendentives or
spherical triangles, which formed the transitional section
effecting a change in plan from the square to the circidar.
November. 1Q30 THE TECHXOGRAPH 23
The thrusts set up in such a system of construction were
numerous and complex; and it was found necessary to
build some abutting devices to bend, as it were, these
forces into the ground. These we see at Santa Sofia in
the forms of the massive semi-domes and buttresses.
The construction of such a dome was not possible
with ordinary materials. Consequently, the masonry is
composed of a pumice stone, that floats on water, and of
bricks from the island of Rhodes, five of which scarcely
weigh as much as one ordinary brick. It is believed that
this great Hyzantine dome was constructed without the
use of centering through a scheme of placing the bricks
at a "skew," that is, not radiating from the center of
curvature of the dome, a distinct departure from the
Roman radiating voussoir arch. Another remarkable
peculiarity of the Byzantine system was that the forms of
the vaults and domes were externally visible, undisguised
by any timber roof. .\t Santa Sofia the masonry has a
protective covering of only one-fourth inch of sheet lead,
resting on wooden battens placed immediately on the
outer surface of the brick domes.
The structural function of the abutting semi-domes
and the great buttresses has produced a plan making the
interior of the structure one that has never been surp.i.ssed
in magnificence. The whole vast nave measures over
two-hundred h\ one-hiuuired feet, and the central vault
rises one hundred and eighty feet into the air, fitly crown-
ing the whole. The effect of the low-curved but loftily
poised dome, resting as it does upon a crown of windows,
and so disposed that its summit is visible from every part
of the nave, is one of inspiring solemn and thrilling
thoughts. W.ALTER V. Wl ELLN'ER.
POWER, ELECTRICAL AND INDUSTRIAL MACHINERY
pioneers in
Engineering
Allls-Chalmers, extending over a pe-
riod of more than eighty years, has an
unparalleled record of pioneering In
the introduction of new processes, the
development of new machines, the
establishment of world's records for
size or capacity of machinery, for its
economy or for efficiency of operation.
Products of Allis-Chalmers
Electrtcdl Machinery, Motors, Generators, Transformers,
Switchgcar; Steam and Hydraulic Turbines; Steam,
Gas and Oil Ensines; Condensers; Ccntrilugal
Pumps; Pumping Engines: Mining and Metallur-
gical Machinery; Steam and Electrical Hoists,
Timber Preserving Machinery; Crushing and
Cement Machinery, Flour and Saw Mill
Machinery, TeKrope Drives; Farm, Indus-
dustrial and Crawler Tractors; Agricul-
tural Machinery.
r
LLIS-CHflLMERS MflNUFflCTURINGfO.
MICWAUKEe, WIS. U.S.A. ^
A-E-CO PRODUCTS
Taylor Stokers
A-E-CO Marine
Auxiliaries
Jurui'cfe
Refr/gerafion
A-E-CO Furnace
Armor
Lo-Hed Electric Hoists
An organization that covers many fields
Material Handling . . .
Wherever heavy weights must be lifted, there is
a job for the "Lo-Hed" Monorail Hoist. You find
it on the production lines of the largest factories
(Ford has more than 200), in railroad shops,
foundries, ice plants, printing plants... you find
it, too, in smaller establishments, service stations,
garages, lumber yards, laundries, bakeries, hotels
and on the shipping platform . . . cutting costs,
increasing production, saving human effort.
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N. Y. C. Interlockinji Plant
iConlinuiJ from I'aiii- 7
1
track (liagraiii 24 feet in Icngtli, with 1 I 1 track sections
oiitliiieil in colors. llach section is equippeil with an
imlicating electric lamp of the telephone switchboard
type. The purpose of this panel is to inform the operator
as to the position of trains in the interlocking by the
illuminated electric lamps of the telephone switchboard
Fiij. 2: The operating hoard of llir inlerloehinii maehine
type. These lamps light automatically when a train
passes over the section which is governed by them. There
are 32 clockwork hand releases which are mounted on
two panels in front of the machine and can be swung
away from the wall for greater convenience in working
on them.
In addition to the regidar dispatcher telephone equip-
ment with loud speaker, a telephone with loud speaker
for more efficient communication of levermen and main-
tainers, has been provided connecting to 22 telephone
jacks located in relay houses at most convenient points in
the plant. There are also seven klaxon horns so placed
as to enable the leverman to summon the maintainers to
the nearest phone ih case of trouble.
A 16-button train describer transmitter has been in-
stalled in the tower with a receiver located in the station
to inform the station master and attendants concerning
train movements.
Scattered throughout the plant there are five standard
maintainers' tool houses, 23 concrete relay houses and
concrete battery boxes, and eleven cantilever signal
bridges on which color-light signals are located. One of
the relay houses may be seen to the left of the track in
Fig. 3. These houses are approximately seven feet in
height, four feet wide, and nine feet long, (^ne of the
cantilever bridges on which the color-light signals may be
seen is shown in Fig. 3.
The maintainers' tool houses are equipped with desks,
electric lights, work benches, telephones, and sufficient
space for motor cars, light material, etc.
Concrete relay houses were used for sheltering 995
neutral relays, 59 power off relays, and 162 copper-
oxide rectifiers and accessories.
About 190,000 feet (36 miles) of cable consisting of
6,200,000 feet of single conductors, were used. In addi-
tion to this 335,000 feet of flexible wire were used.
Hatters boxes, similar to A. R. A. type were used to
house 103 t\|H- K.MCiO 12(1 A. H. capacity track cells
and FMCjO 11, 21H) A. H. capacity batteries for signal
lighting standby .service.
The track circuit connections were carried to the rail
in single conductor (number 6 for relay and number 10
for battery) trench-lay cables. The cable outlets are of
the double plug type. The DS 1% inch plug type track
bonding was used.
The New York Central Railroad bridge department
designed and installed the eleven full and cantilever
signal bridges for carrying the three-arm color light home
signals. The signals are of the General Railway Signal
Company color-light type approach lighted, using seven
Fig. 3: Divarf signal and relay house
type "SA" five-position dwarf signals, 49 type 'T" two-
position dwarf signals and 34 type "G" three-arm two
and three-position high signals. One of the dwarf
signals is illustrated in Fig. 3.
There are 70 New York Central train movements, 40
Grand Trunk Western train movements and six yard
movements on the plant every 24 hours.
Don't forget the Schaefer essay contest. The rules
Zi-ere printed in the October Technograph, and are posted
(in the bulletin board in Engineering hall. There is no
time like the present to start uriting your articles.
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Into the Realm 0/EXPERIMENT
UNUSUALLY extensive facilities
for research and experiment are
available to everj' graduate chemist,
physicist, or mechanical engineer in
our organization. Our personnel has
access to one of the most complete
chemical libraries in existence, finely
equipped chemical, physical and
metallurgical laboratories, as well
as control laboratories thruout
the plant. Unhampered by rule of
thumb methods, free to use the tools
they need, our men frequently create
new methods and new products of
world-wide interest. With over 1 50
chemical products in distribution
thruout the world, we are constant-
ly looking forward to new develop-
ments and new processes to further
strengthen our reputation for quality.
THE DOW CHEMICAL COMPANY
MIDLAND, MICHIGAN
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r. E Barrfii. m.c. '93, is mic (if the
republican caiuliciates for I'liiversity
trustee. He is presi-
dent of the Roberts
and Schaefer com-
pany, manufacturers
(if coal-handling ma-
chinery, a n d \v a s
formerly president of
the Alumni Associa-
liiin. He is vice-
president of the La
c; range State Trust
.uid Savings bank,
director of the
rwelfth Street State
hank of Berwyn, and
a commissioner of the La Grange park
svstem.
E. E. Barnlt
In the Entjinririnii Neixs-RciorA of
May 22, which was devoted to water
suppiv engineering, there appeared an
article, "Water-Works Intakes of the
Middle West" bv Ciiari.es B. Burdick,
c.e. '95, of the Chicago firm of Alvord,
Burdick, and Howson.
Two mini are officers of the American
Concrete Institute. Duff A. Abrams,
c.e. '06, is president and Arthur R. Lord,
m.s. '11, vice-president. Lord is also chair-
man of the advisory committee.
W. S. A\nERSON, c.e. '14, and his
brother, John" H., c.e. '14, form the firm
of Anderson and Company, contractors
and engineers, specializing in sewer,
bridge, railroad, and heavy construction,
with offices in Chicago and Cleveland.
Ceorce R. Petty, m.e. '85, died August
15 in Oklahoma City after an illness of
several months. He was born in Pike
county, Illinois, October 13, 1862. He
studied both mechanical engineering and
architecture while at Illinois, .^ftcr gradu-
ation he worked in Chicago as an archi-
tect, and then came to Champaign as the
proprietor of the Ceorge R. Petty and
company planing mill. In 1907 he moved
to Oklahoma Citv where he operated a
retail dairy and bred Jersey cattle until
his retirement last fall.
Alfred Krnest Harvey, c.e. '91, died
July 3 at the Research Hospital in Kansas
Citv. For seventeen years he was super-
intendent of wav and structures and chief
engineer of the Kansas City Electric
Street Raihvav system (now the Kansas
Citv Public Service Company). Hue to
his organizing and executive ability, the
properties of the corporation were prac-
tically rebuilt and placed in fine condition
during the past few years. He was a
pioneer in present-dav electric street car
track construction, building the first solid
concrete roadbed in Kansas City, and was
considered a national authority on steel
tie work. He developed many labor-
saving devices now in use in track work
and paving projects.
Ilnrvev was born September 16, 1868
at Waverlv, Illinois, and graduated from
the Paris, Illinois, high school. On leaving
Illinois, he spent two years with the
World's Fair organization, and then
worked on the construction and main-
tenance of steam railroads in various
places for about sixteen years. He had
charge of construction for the Illinois
Central line from Fort Dodge, Iowa, to
Omaha, Nebraska, and later built part of
the Mason Citv and Fort Dodge, now a
part of the Chicago Great Western.
He became division engineer and then
division superintendent of the Fort Dodge
division. In 1910 he went ta Kansas
City to become division engineer in charge
of large division projects for the Kansas
Citv Southern Railway. He later joined
the' Kansas City Electric Street Railway
svstem.
He was president of the Kansas City
branch of the American Society of Civil
Engineers and was past president of the
Engineers Club of Kansas City.
Walter H. Scales, arch. e. '14. now
has head(iuarters at New Orleans. He is
in charge of seyen states in the interest
of the National Lumber Manufacturers
association, an organization promoting
everv possible use of lumber. He spends
much of the time on the road, gives many
convention speeches, and writes numerous
briefs.
Hiram J. Powers, c.e. '08, died June 8,
at Los Angeles. He was buried on June
12, at Tavlorville, Illinois. Born Septem-
ber 2. 1885, at Edinberg, Illinois, he at-
tended the Tavlorville high school. He
had been director of March-Hutton-
Powers company, Ltd., president of Do-
minion Shingle and Cedar company, Ltd.,
director and manager of Pacific Logging
company, Ltd., and director of Marsh-
Bourne-Powers company, Ltd., all rif
Vancouver, British Columbia. Early this
year he had moved to Pilot Knob Hill,
Bend, Oregon.
.\rmin Harms, min.e. '95, died Septem-
ber 7, at El Paso, Mexico. Born October
24, 1875, he attended the Rock Island
schools, before coming to the T'niversity.
After graduation he became an employe
of the American Smelting and Refining
company, serving as chief chemist for
that company in Arizona, New Mexico,
and Texas. He was a member of the
American Chemical society and the
American Institute of Mining Engineers.
Stanley N. Perkins, c.e. '30, is with
the Illinois Division of Highways, and is
stationed at Elgin.
Harvey C. Groth, c.e. '20. is in the en-
gineering department cf the American
Bridge company of Gary, Indiana.
E. J. Lawson, c.e. '30, is working for
the Illinois state highway department, as
a slab inspector on Twenty-second street,
west of Chicago.
Norman Bullard, c.e. '27, and John
McKay, c.e. '26, are both with the state
highway department and are located at
Springfield.
Roy ZiPPRODT, c.
structural engineer
Cement Association.
'15, regional
Portland
A. Russell Merz, min.e '22, is with
the Roan Antelope Copper Mines, Limited,
located at Luanshya, Northern Rhodesia,
Africa.
Donald A. Beck, arch. '12, is the presi-
dent of Lukas Decors, Inc., architectural
firm located at 30 East Twenty-third
street. New York City.
Silas C^. Weinberg, arch. e. '30, is an
estimator with General Contracting com-
pany, Chicago,
Tower.
located in the Tribune
John F. Bracken,
search department
Edison at Chicago.
'29, is in the rc-
Commonwealth
Willis E. Hasei.wood, e.e. '28, is con-
nected with the Bell Telephone company
at Elkhart, Indiana.
RouERT L. Gou(;i.ER, c.e. '30, is doing
research work in the laboratory of the
American Bell Telephone company at
Chicago.
Ltn Grarle, e.e. '28, is now in St. Louis
where he is associated with the Southern
Bell Telephone company.
DxyiGHi Allen, e.e. '28, is with
Western Electric in Chicago and Milwau-
kee.
forJohn Reed, e.e. '27, is statisticiar
the Rockford Electric company.
George S. Webb, ry.e '20, is assistant
master mechanic of the Pennsylvania rail-
road and is now located at West Phila-
delphia, Penn.
Prof. H. E. Babbitt, M.S. '17, san. e.,
has just returned from a trip around the
world on his sabbatical leave.
Ray L. Hamilton, c.e. '20, is buyer
and assistant to purchasing agent of the
.iMpha Portland Cement company, Chi-
cago.
Herbert S. Schroeder, cer.e. '28, is
with the United States Gypsum corpora-
tion at East Chicago.
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Dyivamite clears the way for iiioilerii engineering wontler^i!
The
HUD!$ON
RIVER
RRIDGE
How Dynamite was
used to blast tunnels
for anchoring
gigantic cables
IN 1«)32 .... after five years of
stupendous labor. . . . the Hud-
son River Bridge, connecting the
states of New York and New Jersey,
will be completed.
It is a single -span bridge . . . 3500
feet long. At either end, a gigantic
tower, 650 feet high, rises to the sky.
The construction of this mighty bridge is proof
enough that, to the modern engineer, nothing is
impossible!
In this undertaking, as in countless others, dynamite
j)layed a huge part. Du Pont dynamite was used for
blasting approaches to the Hudson River Bridge . . .
and for blasting the anchorage tunnels for the cables.
About 3.000,000 ])<)unds of dynamite were required!
The engineer of today . . . and tomorrow . . . needs
to know all there is to know about dynamite . . . the
^^^^^^^^^^^^^^
28 Till-; tkciin(k;r.\i'ji
r '^f
S livemill 1 . 1930
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Selecting an Airport Site
A highway engineer is especially fitted
for the construction and maintenance of
airports as stated in the AiiRUSt issue of
Roads and Streets. Various related needs
will have to be met by the allowable ex-
penditure. It is evident that a single
field cannot serve for student training,
sales demonstration, club service, express,
experimental work, exhibitions, circuses,
national guard training, mail, express,
sightseeing and taxi service. A smaller
area near the city may serve for light
traffic, whereas a' larger field more re-
mot? will serve its needs.
.'\n ideal site would be one near the
center of population, near the downtown
centers and which offers the maximum
convenience to the incoming pilot. The
airport should be served by the best means
of surface transportation. There should
be no fog or smoke nuisance and the
surface should be usable in all conditions
of weather.
The airport committee for the building
of an airport in Wayne County, Michi-
gan together with the ways and means
committee finally decided upon the loca-
tion. The airport committee submitted 15
out of 122 proposed sites. The number
was finally narrowed down to six possible
sites. Then a scoring system was devised
by which each location was scored on the
folhnving points: center of population,
downtown centers, airways, transporta-
tional facilities, character of neighbor-
hood, fog, smoke, soil and ground condi-
tions. Under center of population they
considered manufacturing centers, retail
trade centers, and the accessibility of the
site to individuals. The post office, ex-
press offices, depots, hotels, and water
facilities were considered under down-
town centers. The topic of airways in-
cluded transcontinental lines as to amount
of traffic to be expected. Among the
transportation facilities considered were
the location of existing bus lines, paved
roads, and trolley lines. Of course, these
can be extended when the volume of busi-
ness warrants it. The character of the
neighborhood had to do with zoning regu-
lations, possible sites for airplane factories,
homes for workers, and the possibility of
high buildings being built around the air-
port. Fog usually was found in low and
moist places as a rule, but sometimes at
higher elevations also. The smoke was
affected by the location of manufacturing
districts, the season, and the prevailing
winds. As a rule a maximuin area of
one square mile is used for No. 1 rating
and above that size no credit is allowed
for airport purposes. Under soil and
ground conditions was considered the
case of drainage, the effect of rain on the
top soil, and drainage in the low land.
Under "other items" was considered the
accesibility of telephone, telegraph, light,
power and water.
.The results of the scoring system
showed that site No. 1 had the highest
score if money were not considered with
sites No. 2 aiid No. 8 next highest. Con-
sidering costs, site No. 16 showed the
lowest cost with No. 2 second. The board
of supervisors finally selected site No. 16.
It is not certain to what extent the
selection was affected by the scoring sys-
tem, but at least it offered a basis of com-
parison.
Conditioned .\ir for Passenger
Cars
We learn in an article of the same title
in the August 9 issue of Railway Age
that the B. & O. dining car 'Martha
Washington" has air conditioning ap-
paratus. It was found by tests during
the summer that comfortable conditions
could be maintained within cars, whether
fully occupied or not, under the worst
possible conditions of temperature and
humidity. A test run was made in which
the maximum winter heating capacity was
turned on in addition to the heat from
the kitchen and also the heat from the
warm weather. In twenty minutes the
temperature was reduced from 93 to 70
degrees by means of the air conditioning
svsttm. The test result brought about a
decision to equip more cars with similar
apparatus. By means of the air condi-
tioning equipment dust, soot, cinders and
other foreign matter are removed from
the air and the temper.nture and humidity
controlled within certain limits.
The air is filtered in through steel wool
in sheet steel housings placed at the roof
line at the pantry end. As the air (now-
free from foreign matter) passes over
cooling coils the desired temperature is
reached and the excess humidity is con-
densed. It is then distributed equally
throughout the car by means of louvered
openings in the insulated ducts on the
roof of the car. When the proper tempera-
ture is reached the air is prevented from
being further cooled. When the tempera-
ture of the air rises above the proper
point the air is again cooled.
Refrigeration is furnished by means of
a motor-driven ammonia compressor.
After compression the hot ammonia gas is
condensed by means of water-cooled pipes.
The liquid ammonia is passed through an
expansion valve, is evaporated, cooled and
returned for re-use. The hot compressed
ammonia gas is condensed, which in turn
heats the water in the coils. This water
is sprayed up in front of the incoming
air and is cooled to about the outside air
temperature. A water supply tank re-
plenishes the condensed water lost through
evaporation. The humidity is controlled
by the condensation of air as it passes
over the cold water pipe coils.
Freezing of the cooling coils and evapo-
rator is avoided by a thamo control.
Electric power for the operation of the
plant and supplying the lights in the car
is provided by two generators as well as
a storage batler\. Wayside connection can
be made when the car is standing still.
The Bantam .Auto
I'he introduction into the .American
market of the American-built British
.Austin automobile and the projected
building of the French Mathis car by an
organization controlled by W. C. Durant
make it of interest to examine the condi-
tions, favorable and otherwise, that may
affect the success of this type of automo-
bile in America, states an editorial in
the October issue of Medianical Engineer-
in 0.
In Europe the existence of the Bantam
car is clearly justified. People there as a
rule are not willing to spend much on
automobiles, the price of which generally
is verv much higher for the same size
than it is in America. The Bantam auto-
mobile is therefore a car for the moderate-
ly well-to-do person, the kind of man that
in the United States would buy the least
expensive car made here. The very high
tax on automobiles makes the large car
still less attractive in Europe, while the
cost of fuel, which is several times that
in the United States, places an additional
handicap on the heavier car.
In America conditions are supposed to
be quite different. Taxation is low and
the difference in the matter of cost of
license plates is only a few dollars. Fuel
is so cheap that except for those who
cover large mileage the difference between
25 miles and +0 miles per gallon is not
in itself a matter of prime importance.
The Bantam car has an advantage when
it comes to the cost of tires, but with the
mileage of tires, the difference is only a
small one. Even when it comes to initial
cost the Bantam is not to be had for much
less money than would purchase low-price
cars of standard make.
Nevertheless there is little doubt but
that the Bantam car is here in .America
to stav. For a number of purposes it has
a decided advantage. In the first place,
its low consumption of gasoline, low cost
of tires, small size, and the small amount
of storage space re(iuires make it an ideal
vehicle for city delivery service where
the motorcycle with side car has been
tried and often found unsatisfactory as
well as dangerous. When the car hasto
be housed on store premises the small size
of the Bantam is a decided advantage,
and it does not seem wasteful and un-
reasonable to send a small car to deliver
a couple of hats or an order of jewelry.
.America is more and more becoming a
couturv where the average well-to-do
family has more than one automobile, or
would like to have a second car provided
it could be stored conveniently. Here
again the small size of the Bantam car
becomes a vital advantage. A car that
will take the lady of the house shopping,
is big enough for the young hopeful and
his girl, and actually can be stored with-
out moving the house into the middle of
the street, is bound to find admirers and
purchasers.
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Compressed Air Is Now One of fhe Great
Motive Forces of Industry
IngeKsoU-Rand
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Tilting and Non-tilting Mixers,
Pavers. WeighMix,
PARSONS
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At Los Angeles, the coliseum in
Exposition Park is being enlarged
to a seating capacity of 105,000.
When completed in 1931 for the
Olympic Games, this giant sta-
dium will be one of the largest in
the world.
Three N. E. C. products were se-
lected in providing efficient plants
for handling excavation and con-
crete requirements. A Koehring
Heavy Duty Shovel speeded prog-
ress on the earth work. Two
Smith 14-S Tilting Mixers were
installed for mixing concrete,
one on each side of the stadium.
National Equipment Corpora-
tion, the greater name in con-
struction equipment, aids man in
carrying out his engineering
achievements.
National Equipment
Corporation MJljvauKeeWisconsin
sa
S. F. He;
Armour Inszituli of
7echnnlogy, ]<)26
Contract Administration
E^. H. HORNBARGER
Virgxma Polytechnic
Institute, IQ2 1
Contiact Administration
W Guard!
Out in mid-rink, flying skates cut the glassy surface of the ice into powder
amid the clatter of sticks and the hoarse, inarticulate cries of human beings
in combat.Back and forth goes the puck, now dexterously propelled down
the side-lines by a fleet forward, now shuttled rapidly to and fro amid a
tangled mass of sticks and legs. I'et fast as it moves, it never eludes the
watchful eyes of the two heavily-armored huskies who tend the goals. On
guard, ready to thwart disaster with stick, skates, or any part of his body,
the good "goalie's" work is ever vital, and often spectacular.
In a large organization like Westinghouse, there is need for a number of
such expert "goal tenders." Occupying positions in the Accounting, Legal
and Contract Departments, they carry on quietly their important work of
guarding the resources, patent situations, and contractual relationships of
the company. And among them may be found many younger college men,
like those whose pictures appear on this page, who have found in this
work an opportunity to secure recognition and worthwhile reward.
Among the important pieces of electrical uork lutndled hy
Westinghouse in recent years may he mentioned the follouing:
Cascade Tunnel Electrification, Great Northern Railway;
Network Protector Installation, Chrysler Hldg., New York;
Hydro-Electric Generatinjs Equipment, Coolidge Dam, Arizona.
Westinghouse
G. C. Sa
Carnegie Inn
Tfcfiio.'ogv, i(;j3
Patent Department
The banks oj G-E flootHights at Georgia Tech's Grant Field can
illuminate track meets as well as football games.
G-E Floodlighting Wins Favor for
Football - Hockey - Track - Baseball - Tennis
G-E floodlighting equipment has a winning record. Its victories are
counted in termi of pleased spectators, increased attendance, satisfied
coaches and players.
The development of G-E athletic-field floodlighting equipment was
planned with every consideration for the fundamental and special playing
conditions it must meet. That is why the big Novalux projeaors give
ample and evenly diffused light over the entire playing area.
The development of General Electric floodlighting equipment has
largely been the work of college-trained men in the G-E organization
— other college-trained men are largely responsible for the continuing
leadership of General Electric in furnishing the many other products
which bear the G-E monogram.
JOIN US IN THE GENERAL ELECTRIC PROGRAM, BROADCAST EVERY SATURDAY
EVENING ON A NATION-WIDE N.B.C. NETWORK
GENERAL® ELECTRIC
